Flow hydrographs are one of the most important key elements for flood modelling. They are recorded as time series; however, they are not available in most developing countries due to lack of gauged stations. This study presents a flood modelling method for rivers having no upstream gauged stations. The modelling procedure involves three steps: (1) 
INTRODUCTION
Since the earliest recorded civilizations, humans have tended to settle near streams because of the proximity to water supplies, ecological conditions, biodiversity and advantages for favourable conditions for agricultural activities (Baldassarre et al. ) . As a result, a considerable percentage of the global population live in the floodplain.
This clarifies why millions of people are affected by floods.
Individuals exposed to a disaster not only suffer physical injuries but also long lasting psychological damage.
Flood forecasting is one of the fundamental non-structural measures for mitigating the economic and social damage of flooding (Mapiam & Sriwongsitanon ) .
Recent research has seen significant advances in flood forecasting models (Reed et () generated flood mapping using LIDAR Digital Elevation Model (DEM) with 1D and 2D approaches. The main aim of their study was to determine how the improvements in the topographic description could affect the performance of 1D and 2D models. They also highlighted the hydraulic simulation. For both 1D and 2D approaches, discharge hydrographs, having a 20-min time step, were computed for the main river and its major tributaries to consider the runoff volumes coming from slopes. Timbadiya Annual average rainfall is around 2,000 mm, winters are cold and rainy while summers are warm and mild.
The return period of severe floods in this study area is generally two years. Long-term heavy rainfall in the Cowan's method (Cowan ), which computes an average roughness value using the formulation of Table 1 summarizes values of n b , n 1 , n 2 , n 3 , n 4 , and m for different roughness cases.
Using Cowan's formulation and the parameter values in Table 1 , the computed roughness values for Guneysu
Creek are summarized in Table 2 .
Methodology
The modelling procedure involves three steps: (1) the GIS based flood map produced by HEC-RAS is overlapped to the related orthophoto images to delineate the flood-risk areas. The flow chart of the methodology is illustrated in Figure 3 .
Reverse flood routing model
The reverse flood routing model used in this study was developed by Zucco et al. () . The first component is the formulization of the inflow hydrograph. For this, Pearson Type III distribution is employed:
where Q u (t) is upstream flow discharge, Q pu is upstream peak discharge, Q b is baseflow rate, t pu is time to peak and γ is hydrograph shape parameter. As can be understood from Equation (1), there are three parameters to be estimated, namely Q pu ; t pu and Q b . Based on the continuity 
where Q d (t) is downstream discharge, q l (t) is unit lateral inflow rate, L is river reach length, S is storage, T l is wave travel time and t is time. From Equation (2), the downstream discharge can be stated explicitly as follows:
Third and fourth components of the model are the 
where η is a coefficient, W is channel width, h d (t) is downstream flow stage. The fourth component of the model relates to the lateral flow to the downstream discharge as follows:
where α 3 and β 3 , are coefficients.
Genetic algorithm
GA is a nonlinear search and optimization method inspired GA can minimize (or maximize) an objective function under some specified constraints. For the purpose of this study, the GA is employed to obtain optimal values of the parameters and coefficients of the reverse flood routing model by minimizing the mean absolute error (MAE) objective function:
where N is the number of observations, Q d model is the modelproduced downstream discharge, and Q d observed is the observed downstream discharge.
The reverse flood routing procedure can be simply summarized as follows:
1. Assign initial values for parameters and coefficients:Q pu , t pu , γ, η, a 3 , β 3 .
2. Compute upstream hydrograph Q u (t) by Equation (1).
Compute storage S(t) and S(t À T L ) by Equation (4).
4. Compute lateral discharge q l (t) by Equation (5).
Compute downstream hydrograph Q d (t) by Equation (3).
6. Compute the MAE for the model produced downstream hydrograph and observed hydrograph by Equation (6).
7. Update the current values of the parameters and coefficients and go to Step 2. Perform the operations from
Step 2 to 5. 
where Q is discharge, A is wetted cross-sectional area, g is the gravitational acceleration, h is flow depth, S o is bed slope (standing for the gravitational force), S e is the energy slope (or friction slope), (@W=@x), (1=A) (@Q=@x) and models become more advantageous. 1D models can provide flood maps in two-dimensions, using less data. Another advantage of 1D models is that they require shorter CPU time while performing the simulations (Cook ).
Hence, in this study, we employed a 1D HEC-RAS model, which has gained confidence of users over the years and has no cost since it is an open source.
Delineating flood risk areas
Flood risk is strongly dependent on topography and land features. Therefore, to estimate probable flood damage, cartographic representation of inundation areas is carried out by using the geospatial environment and the remote sensing (aerial imageries). Figure 4 shows the DEM (Figure 4 As seen in Figure 7 , there is a collapsed road due to the flood wave in Kibledag. Figure 8 shows the demolishing of the bank protection along the creek close to centre of the city, where a 550 m long stacked stone fortification and a stone brick were demolished. In addition, 100 m of stone pavement was destroyed on the left bank. Figure 9 shows the collapsed pedestrian bridge located in Ulucami district.
Extreme debris was accumulated from the bridge in the County centre and some parts of roads were destroyed (see Figure 9 ). Figure 10 shows the demolishing of the bank protection along the creek where the Pekmezli Bridge was located. As seen in these figures, the model was able to capture these high risk flooding areas.
CONCLUSIONS
This study presented a flood modelling method for Guneysu 
